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Recently reported zero-field J3R ❑easurements below
the spin-glass transition temperature inQt% (1.6 at.%)
show a temperature dependent inhornogenous width. k
discues these data i!l terms of a ❑odel in which the
local field urdergoes limited-amplittx!e fluctuations.
We find that both very slow (-0.3 I.IS‘1) and rapid
(-3000 us-l) fluctuations are required.
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In recently reported zer~field lJSR er?eriments on the spin-glass &%

(1.6 at. %), the positive nuon (IJ+) inhomogenous line width, a(T), was

found to Increase monotonically as the temperature was lowered below the

1 This effect was interpreted as evidence for rapid,glass temperature Tg.

small-amplitde fluctuations of the local fields, with the decreasing

amplitude of these fluctuations producing the increasing a(T) as the t em-

perature is lowered. The pl]rpo~c of the present paper is to discuss these

da:a in the context of a spin-glass model based on ~st such limited-ampli-

tude fluctuations of the local fields. We will see that the data provide

evidence for th~ existence 0[ both slow- and fast-fluctuation modes.

?hdels for the depolarization of positive nuons in spin glasses which

nssune cn~lete reorientation of the local fields d~lring fluctuations have

been presented by Uemura et al.2 and by Leon;3 these models cannot plausi-

bly produce n temperature-depemient n(T), hcwever. A two-state model, one

state of which has a fixed local field directiou, has been discussed by

Uemura. 4

In tllr present “quasimagnon model” we asRune that the local dipolnr

field (corresponding to a partic~llar mlon site) hufi both a static cmnponcnt

Ho Whi Cll iE Lnrentzian-dl strfkted with width ~, and n flurtulltlnq

cnmponent which iR Cnusfiinn-di strilmted with width A(HO). Fn r tllIR

fltlctuat[ng componrnt tll(’ “strong Cf)ll{filon” ns~mnption is mndc, 5 i.r.,

thcrr is no correlnticm hcfore nncl after the Jump. FindinK tllr Wolllttoll”

of tllc D+ Po]nrlz:ztion then nrn~llnts to solv~n~ tllr “Kuho-Tovnbr” problcm[’

for an urhitrarliy oricntcci stntic exrernti] field 11,,. Fortunntolyt thlfi

can be doric in trrnw of Lhc pnlnrizntfrm funrttnn~ G1(t),CJ(t) for 111~’

pnrn]lel nnd pcrpt’mlicular 110 COnf~gUriltlmlfi, tlfifn~ the rvlntlon

G(t) - COH%O Gflft) + 6111%() c;l(t), (1)
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00 being the angle between Ho and 2 (the initial P+ polarization

direction). %ch Gi (i = 11,1) evolvea independently of the other, and Is

determined from an integral equation involving the corresponding static

(no-fluctuation) polarization function C~(t).5~6

These integral equations are solved numerically, for given Ho, A, and

fluctuation rate v, to give the Gi(t) =Gi(t;Ho,A, v). We take A= dlo, so

that a represents the characteristic angle of fluctuation Gf the total

field. Lastly, an integration over Ho (i.e., over the different muon

sites) is pe~formed to give the net polarization function G(t;v).

Since we want the RMS value of the local field at each site to be

independent of the amplltde of the fluctuations, we impose the constraint

(2)

t-iwhere al, = 19 ,ls-l is the frozen spin VRlUe.7 In ~eneralp of cuutse, Lne

inhomo~encous wldt)l, n, will depend both on ~dand a.

Finnlly, Rince onc can ~hcw tilat for very fnst fluctunticm~ w. of

;ln~~ll:lr ampll Liuic ~,

%“() ~
l’(l) :rxp{-2[.T] (r-~)t -1 + Vet)),

0

(3)

(4)



-4-

apprll~fmate way by simply substituting these Gi(t) for G;(t) in the

integra ‘quations. In tt,is case Eq. (2) is replaced by

(5)

The data at T = 0.3 Tg and T = 0.8 Tg were first fitted assuning a

single, fast fluctuation mode of limited amplittie, apnlying the constraint

of Eq. (2). Excellent fits to the first C.5 US of data were obtained for

the fluctuation rate of 10b W-l. As can be seen from the dotted curves in

Fig. 1, hcwever, both the lon& and short-time behavior of the relaxation

function cannot simultaneously be well fitted with this model. Next both

fast (Vo) and slow (u) fluctuation modes Wre included. ‘hts provides a

better fit to the data as shcarn in Fig. 1. The fit parameters are

Eunmnrized in Table 1; for convenience we hwe taken a = %“ It must be

cmphasizerl that these parameters are certainly not unique.

In conclusion, we have presented a model for nuon spin relaxation In a

spin-~.lass system which Incorporate limite+amplittxle fluctuations of the

]ocal field and accounts for the observed temperature dependence of the

inhomoRcncnus line width in a physically plausible way. Cbr model assunes

the fiamc two fluctuation rfttes nnci itngulnr amplitudes at cnch nklon site.

An ~qufllly plnusible “fcture In wh~~h d~ffprellt sites hnv~ ~lfferect

(Sfllf?lr) fluctuation rntr~ nnti nmplltlde~ my ftlso h{’ consistent with our

(lIlta. 117 re~illty, w l!xpcct the nptn glna~ to posacss a c-c)rtLlnuun of

fluctu~ltton modrs, n~ Ilnn hem ohscrvrd with ttle neutron spin-cchn

tcchnlqur; 8 howrvrro whrt.ller n Hlnglc Rltr cxllrrlenc’cs tlll~ contintlun or iH

d(miln~!lcd hy a alnglc mode in not kuwu . Finnlly, we notr tllllt tilt’
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existence of spitiglass modes at frequencies much lwer than that found in

nunerical simulations of harmonic quasimagnon excitations, 10 as previously

reported, l persists in this new analysis; this provides evidence that snail

amplitude barrier modes may be important in the relaxing of the uuon spin.
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TABLE I. Parameters Used to Generate Fits to the &14n (1.6 %) data. ]

T/Tg aL/a~ a X*-l) a. Vo( W
-1) SIN

.30 .92 0 0 .24 3000 6.0

.30 .86 .24 . 3 .24 3000 2.13

.80 .60 0 0 .76 3000 3.6

. 80 .47 .76 .3 .76 3000 1.4

Tg = 7.5 K

a! = 19 Ils-]
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FIGURE CAPTION

Fig. 1. Zero-field muon spin relaxation function for spin-glass &t%
(1.6%) at T = 0.8 Tg. The dotted curves from bottom to top
were calculated from the quasimagnon model using a single
fluctuation rate of 1000, 3000, and 9000 I.IS-l, respectively.
lhe solid curve was generated using rates 0.3 w-l and
3000 Ps”-1. Table I gives other relevant parameters.
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